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ABSTRACT

The effect of lime dosage, pH and air flow rate on the removal process of NH,-N from a sched-
uled waste landfill leachate was investigated by using a lab-scale air stripping column. The main
objectives were to reduce NH,-N concentration prior further biological treatment and to investigate
factors affecting air stripping processes. A central composite design (CCD) of response surface meth-
odology (RSM) was employed to optimize the parameters affecting NH,-N removal from the leach-
ate. It was observed that the optimal conditions obtained from desirable response (NH,-N removal)
were predicted at lime dosage of 9.8 g L™, pH = 11 and air flow rate of 2.25 L min™'. Quadratic RSM
predicted the maximum NH,-N removal to be 96.5% at these optimal conditions and concurred with
the experiments which successfully removed 96.3% of NH,-N within 24 h. This study shows that
the RSM could successfully predict the degree of NH.-N removal. The findings suggest that RSM
approach was feasible for optimizing the air stripping process for NH,-N removal from scheduled
waste landfill leachate in laboratory scale. Based on the obtained results, air stripping process can be
used as an efficient pre-treatment for removal of NH,~N in scheduled waste leachate.

Keywords: Air stripping; Ammonia-nitrogen removal; Leachate; Response surface methodology

(RSM); Scheduled waste leachate

1. Introduction

The urbanization and rapid growth of world population
greatly accelerates consumption rates, which leads to the
increase of waste production and significantly contribute
to the major environmental, economic and health problems
worldwide [1,2]. Various alternative methods are available
for controlling waste problem which include composting,
incineration, recycling, hog feeding, anaerobic digestion and
dumping. However, landfilling is still one of the predomi-
nant waste disposal methods especially in most developing
countries, due to its simplicity and economic advantages
[2,3]. Nevertheless, landfilling has a drawback, as it generates
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leachate, a high-strength wastewater or liquid that percolates
through waste and extracts, dissolved or suspended mate-
rials, which contains a significant quantity of chemical con-
stituents during the decomposition process in landfill [4].
Leachate contains biodegradable organic matter, recalcitrant
organic matter (such as humic substances), heavy metals,
inorganic salts and high concentration of ammonia-nitro-
gen [3,5-7]. The characteristic of leachate is highly complex
which makes leachate treatment is one of the most important
and difficult tasks in landfill management [4].

The treatment of leachate from sanitary or municipal
solid waste landfill had been investigated. However, to
date, a limited literature on the treatment of leachate from
a scheduled waste or hazardous waste landfill is reported.
The high content of ammonia-nitrogen (NH,-N) is one
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of the main problems in the treatment of leachate. A high
concentration of NH,-N ranging from 800 to 5210 mg L™ is
toxic and threatens the life of living microbial and environ-
ment [5,6,8]. It was reported that total ammoniacal nitrogen
(TAN) of approximately 1000 mg L inhibits the activity of
microorganisms and decreases the effectiveness of leachate
treatments by biological processes [9,10].

Numerous methods are available to treat the problematic
leachate including biological, chemical and physical meth-
ods. These include precipitation, magnetic field separation,
adsorption, chemical oxidation, coagulation-flocculation,
ammonia volatilization by air stripping and electrocoagu-
lation (EC) [5,7,11]. Currently chemically enhanced leachate
treatment was preferred, as it is difficult to be treated by
conventional biological means. The difficulties are due to
the waste content in the toxic leachate to biological growth.
Microorganisms which degrade the waste in leachate could
not survive in extreme condition such as high concentration
of total ammoniacal nitrogen (TAN) and it may decrease the
effectiveness of biological processes for leachate treatments,
which results in low removals. As it is difficult to achieve
high and reliable NH,-N removal efficiencies alone, the
combination of both biological and physical-chemical tech-
niques are generally adopted [5,7]. Hence, it was suggested
that chemical or physical pre-treatment could be introduced
for reducing the concentration of NH,-N before biological
treatment takes place.

In most water and wastewater treatments, the transfer
of material from the gas phase to water or from water to
gas phase plays a vital role. Therefore, ammonia volatil-
ization by air stripping or ammonium stripping had been
widely practiced for removing NH.-N in leachate [11].
Air stripping is the process of transterring NH, from lig-
uid phase to the atmosphere across a water—air interface.
Numerous studies have reported on the efficiency of using
air stripping in removing NH.,-N from municipal but not
on schedule waste leachate. The technique is successful in
removing NH -N between 90 and 99% from wastewaters
such as those from the fertilizer industry, pig slurry, anaero-
bic digestion effluent or source-segregated food waste [12].
Additionally, it is often easier and less expensive to remove
ammonia-nitrogen (NH,-N) in the form of ammonia gas
(NH,) rather than to convert it to nitrate-nitrogen before
discharged to the environment. The removal process of free
ammonia (NH,) from the liquid form causes interruption
of equilibrium in the direction of its formation. Ammonia
in aqueous phase is found in two equilibrium forms, which
are the ionic (NH;) and the gaseous state (NH,). The pro-
cess of ammonia removal is based on the following Eq. (1):

NH,* (aq) + OH- = NH, (g) + H,0 (aq) 1)

Based on Eq. (1), ammonium ion (NH;) and free ammo-
nia (NH,) concentrations depend on pH. At lower pH,
ammonium and hydrogen ions are dominant species. As
the pH increases, the equation shifts to the right and con-
sequently a higher elevation of the gaseous fraction. With
a pKa of 9.25 of ammonium/ammonia equilibrium, ammo-
nium nitrogen can be easily transferred from a liquid to dis-
solve ammonia gas [13]. As an alkaline agent such as lime
added into the leachate, the pH of leachate will increase,
hence more NH; will be converted to NH,

Efficiency and mechanism of air stripping process
depend on numerous factors including air-liquid ratio, coag-
ulant dosage and type, flocculants dosage and type, types
and size of packing materials, temperature, alkalinity, pH, air
flow rate, and operation time [14-16]. It was observed in pre-
vious studies that higher air-flow rate or air-liquid ratio gives
higher volatile organic compounds (VOCs) and ammonia
removal efficiency [17-19]. Hossini et al. (2015) concluded
that ammonia stripping efficiency was strongly influenced
by the air flow rate or air-to-water ratio. In their study, air
flow rate of 1.8, 2 and 3 L min™ were used for ammonia vol-
atilization by air stripping, and the obtained results shows
that air flow rate of 3 L min™ was the best condition.

In the treatment of municipal waste leachate and san-
itary leachate, ammonia transfer rate is enhanced by con-
verting most ammonium ions (NH}) to a gaseous form
(NH,), normally at pH ranged from 10.5 to 12 with the addi-
tion of chemical [20-22]. Lime powder (Ca(OH),), caustic
soda (NaOH), aluminum sulphate (AL(SO,),, calcium car-
bonate (CaCQ,), and calcium oxide (CaO) are commonly
used in this case. Studies have investigated the role of such
chemicals including magnesium hydroxide (Mg(OH),),
and Polyaluminium Chloride (PaCl) for the treatment of
wastewater and leachate [23-28]. However, Ca(OH), was
found to be the most effective in the removal of suspended
solids, ammonia—nitrogen (NH,-N), colour, heavy metals
and other substances [23-26,29,30]. An appropriate dos-
age of chemical is crucial as to meet the effluent standards
with minimum cost. The usage of Ca(OH), as a pre-treat-
ment stage may facilitate the applicability and efficiency
in removing NH,-N prior to air stripping. In the specific
case of this study, the initial pH of the leachate was adjusted
with NaOH in order to observe whether initial value of pH
had an effect on NH-N removal efficiency as well as the
amount of Ca(OH), used in the study. Alkalinizing agent,
Ca(OH), was added to aid in NH,-N removal [16].

The main objectives of this study were to reduce the
NH,-N concentration to improve the efficiency of the fol-
lowing biological treatment and to optimize the air stripping
process and investigate the interactive effects of experimen-
tal factors such as lime dosage, effect of initial pH and air
flow rate on the removal of ammonia. For this purpose, a
scheduled waste landfill leachate was selected as the target
to be treated by air stripping process which was optimized
by response surface methodology (RSM). The removal of
ammonia-nitrogen (NH,-N) from leachate sample was
selected as the dependent output variable. The experiment
was carried out in a lab-scale air stripping column, and the
removal of NH.-N was determined by measuring the initial
and final concentration of NH,-N in scheduled waste leach-
ate sample before and after air stripping treatment.

2. Materials and method
2.1. Leachate sampling and characterization

Sample of leachate was collected from a collection sump
of a scheduled waste leachate (SWL) treatment facility in
Peninsular Malaysia. The main constituents of the sched-
uled waste are incinerated ashes of industrial and hazardous
waste from factories and others. The sample was collected
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and preserved in accordance with the standard methods for
the examination of water and wastewater [31]. The sample
was collected in a 25 L plastic container, then transported
to the laboratory and kept at 4°C until used. The sample
was removed and left in the ambient temperature for about
three hours until it completely reached ambient tempera-
ture before the experiment was conducted [27,32]. The char-
acterization of leachate was carried out immediately after it
was taken to the laboratory.

2.2. Experimental set- up

Fig. 1 presents the experimental set-up of the lab-scale
air stripping column made of PVC of 260 mm H x 100 mm
D with a total capacity of 2.0 L and a working volume of 1.0
L. The upper part of the column was exposed to the atmo-
sphere. The hydrated lime, Ca(OH),, was added into the
column at varying dosage ranged from 0-10 g L™ in each
separate experiment as a pretreatment to enhance NH,-N
removal in scheduled waste landfill (SWL) leachate. The ini-
tial pH was adjusted to pH 10-12 by 0.1 M sodium hydrox-
ide solutions [33]. Air was supplied through an air diffuser
at the bottom of the column at various air flow rates ranging
from 1.5-2.5 L min™. The leachate sample was aerated for 24
h and the concentrations of NH~-N were measured on an
hourly basis using ammonia ion selective electrode (HACH,
Intellical). The NH,-N removal (%) was calculated as;

Removal (%) = 100 x [(C,- Cf)/Cz.] (2)

where C, and C, are the initial and final concentrations of
NH_-N in the leachate sample in mg L, respectively [8,34].

2.3. Experimental design and optimization

The Design Expert Software (version 7.0) was used
for the statistical design of experiments and data analy-
sis. Central composite design (CCD) of the response sur-
face methodology (RSM) was employed to optimize the
removal of ammonia-nitrogen (NH,-N) based on the lime

Column

|

Flowmeter AirPump

260mm i l

7O

100mm Aerationtube
Sampling Point connectedto
air diffuser

Fig. 1. The set up for air stripping column experiment.

dosage, initial pH and air flow rates. RSM is a statistical
tool for designing experiments, evaluating the interactive
effects of factors, reducing the number of experiments and
searching optimal conditions. It has been widely used in
biological optimizations in recent years [33]. Table 1 pres-
ents a summary of test conditions for the optimum removal
of ammonia obtained from other studies. However, in this
study, the following operating parameters were used; lime
dosage 0-10 g L7, initial pH of 10-12, and air flow rate of
1.5-2.5 L min™.

The central composited design (CCD), which is the
standard of RSM, was selected for the optimization of
the parameters chosen. As different variables normally
expressed in different units and/or have different limits
variation, the significance of their effects on response can
only be compared after they are coded. The variables were
coded according to the following Eq. (3):

— Xi - Xo
b8X
where X is the coded value of the i independent variable,
X, the value of X,at the centre point of the investigated area
and 56X is the step change. Lime dosage (X)), initial pH (X))
and air flow rate (X,) were chosen as three independent
variables in NH -N removal. The range and level are given

in Table 2.

Each variable in the CCD was studied at three different
levels assigned as -1, 0, and +1. The removal of NH-N
(mg L) was used as the output or dependent variables.
For optimal point prediction, a second order polynomial
model function was fitted to the experimental results as in
Eq. (4) below:

Ym = bO + Zf:l biXi + Zf:l bllxrz + 2:<]z]b"1X1X] (4)

where Y, is the response variable to be modelled; X, and X].
are the independent variables which influence Y, , b, b, b,
and b, are the offset terms, the ith linear coefficient, the qua-
dratic coefficient and the ijth interaction coefficient, respec-
tively. The actual and predicted values of 20 designs of the
experimental work with six replications of the centre points

is presented in Table 3.

®)

Table 1
Range of critical parameters obtained from literatures

Critical parameters Range Literature

0-20 [21]
[23]
[35]
[36]
7-12 [2]
[16]
[21]
[23]
[35]
Air flow rate (L min™) 1-4 [36]
[37]

Lime dosage (g L™)

Initial pH
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Table 2
Experimental factors and levels used for optimization

Variables Range and the levels
-1 0 1
X, Lime dosage (g L™) 0 5 10
X, Initial pH 10 11 12
X, Air flow rate(L min™) 1.5 2.0 2.5
Table 3

CCD for the study of three experimental variables in coded
units and obtained results.

Run Factors NH,-N removal

efficiency (%)

Lime pH Air flow  Actual Predicted

dosage (X)) rate (X)

X))
1 5 (0) 11 (0) 2.0 (0) 89.8 91.2
2 5 (0) 11 (0) 2.0 (0) 95.3 91.2
3 0(-1) 10 (-1) 2.5(1) 70.0 67.6
4 5 (0) 12 (1) 2.0 (0) 83.5 85.0
5 0(-1) 11 (0) 2.0 (0) 90.6 90.8
6 5 (0) 11 (0) 2.0 (0) 91.5 91.2
7 5(0) 11 (0) 2.0 (0) 87.8 91.2
8 10(1) 10(-1) 25() 80.0 77.3
9 10 (1) 11 (0) 2.0 (0) 949 934
10 5 (0) 11 (0) 2.0 (0) 91.0 91.2
11 5 (0) 11 (0) 2.5(1) 93.0 93.8
12 0(-1) 12 (1) 2.5(1) 90.2 859
13 10 (1) 10 (-1) 1.5 (-1) 61.0 65.6
4100 12() 15(-1) 805 774
15 0(-1) 10 (-1) 1.5 (-1) 70.0 73.5
16 10 (1) 12 (1) 2.5(1) 904 93.1
17 5(0) 11 (0) 2.0 (0) 89.1 91.2
18 5 (0) 10 (-1) 2.0 (0) 759 73.0
19 5(0) 11 (0) 1.5 (-1) 85.2 83.0
20 0(1) 12() 15(-1) 729 76.0

The regression model was calculated by analysing the
analysis of variance (ANOVA), p-and F-value. The ade-
quacy of the model was expressed with the coefficient of
determination, R?. The model describes the interaction
among the parameters influencing the response by varying
them concurrently. The interactive effects of the indepen-
dent variables on the dependent variables are illustrated by
three and two-dimensional contour plots.

3. Results and discussion
3.1. Characteristics of scheduled waste leachate

Table 4 shows the general characteristics of raw leachate
samples taken from the scheduled waste landfill compared

to the permissible limit standards set by the Department
of Environment, Malaysia (DOE) [38]. The pH of SWL was
10.1, much higher compared to municipal leachate which
is between pH 5 and pH 8 [39]. Thus, a smaller quantity
of lime is needed to enhance the volatilization of gaseous
ammonia from SWL.

Furthermore, SWL contains a high concentration of
BOD,, COD, arsenic, boron, and ammonia-nitrogen(NH,~N)
compared to other municipal [39]. The BOD,/COD ratio of
SWLwas 0.38. BOD,/COD ratio gives the information about
the degree of waste decomposition and landfill age. Gener-
ally, the low BOD,/COD ratio shows the high concentration
of non-biodegradable organic compounds, which makes
the leachate difficult to be biologically degraded. Based on
Table 4, the landfill was considered as young (<5 y) since the
BOD,/COD ratio value was more than 0.3 [8].

The concentration of TSS was 221 mg L~ which indi-
cates the presence of organic and inorganic solids. A greater
concentration of colour was mainly contributed by the pres-
ence of dissolved organics in the form of recalcitrant mate-
rial mainly composed of humic-like substances [40].

In this study, the value of NH ~Nis 1472.3 mg L™, which
is relatively high to be treated directly by biological treat-
ment. High concentration of NH,-N ranges from 800 to 5210
mg L is toxic to living microbial populations, especially
on nitrifying bacteria (Nitrosomon as and Nitrobacter).
This will cause the reduction in effectiveness of leachate
treatments by biological processes and gives low removal
[5,6,9]. Therefore, a chemical or physical treatment should
be introduced first before biological treatment take place.

Table 4
Characteristics of raw leachate from scheduled waste landfill
(SWL)

Parameter Units SWL DOE
leachate  standard*

Temperature °C 204 40

pH Value - 101 5.5-9.0

Biochemical oxygen mg L™ 1080 50

demand (BOD,)

Chemical oxygen mg L™ 2840 200

demand (COD)

Total suspended solids mg L 221 100

(TSS)

Copper mg L™ 3.04 1.0

Arsenic mg L™ 15.40 0.10

Nickel mg L™ 0.73 1.0

Boron mg L™ 16.5 4.0

Phenols (total) mg L™ 6.48 1.0

Ammoniacal- mg L7 1472.3 20

nitrogen(NH,-N)

Colour (pH natural) ADMI 1130 200

Colour (pH adjusted ADMI 1130 200

to 7.6)

*Environmental Quality (Industrial Effluent or Mixed Effluent) Regulations
2009, Fifth Schedule (Standard B).
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3.2. Statistical analysis

The relationship between the three variables (lime dos-
age, initial pH and air flow rate) and one response (NH,-N
removal) for the air stripping process was analyzed using
response surface methodology (RSM). The value of NH -N
removal was presented in Table 3. The following quadratic
regression model for NH,-N removal efficiency in terms of
code factor was obtained:

Y HeN 91.21 +1.31 X, + 6.06 X, + 5.40 X,

N
+0.85 X, X, + 1.45 X, X, +1.03 X, X, ®)
+0.85 X2 - 12.20 X2~ 2.80 X2
where Y, is the percentage of NH-N removal and X,

X,and X, are lime dosage (g L), 1r11t1a1 pH and air ﬂow
rate (L min™), respectively. An empirical relationship was
developed from the response surface analysis in which the
response variable (YNH ) was assessed as a function of
lime dosage (X), initial pH (X,) and air flow rate (X)), three
first-order effects (linear term in X, X, and X,) three sec-
ond-order effects (quadratic terms in X2 X2, and X2), and
three interaction effects (interactive terms in XX, XX,
and X,X.). The result of Analysis of Variance (ANOVA) for
NH3—N removal is shown in Table 5.

ANOVA provides the statistical results and diagnostic
checking tests which enable the adequacy of the models to
be evaluated [41]. In fact, ANOVA assesses the “goodness
of fit” of obtaining results. Significant model terms are pre-
ferred to obtain a good fit in a particular model. Based on
the data given in Table 5, the model F-value of 12.42 implies
the model is significant. There is only 0.02% chance that a
“Model F-Value” could occur due to noise. It was demon-
strated that the quadratic models were significant at the 5%
confidence level since the probability of error (P) value was
less than 0.05.

The value of the correlation coefficient (R?= 0.92) indi-
cates that only 8.21% of the total variation could not be
explained by the empirical model. The comparison of the
range of predicted values at the design points to the aver-
age prediction error gives the value of adequate precision
(AP). If the ratio is greater than 4, this indicates adequate
model discrimination [42—44]. In this study, the AP value is
10.46 greater than 4. This shows that it is adequate and can
be used to navigate the design space defined by the CCD.
In ANOVA, the AP value proposes that most of the differ-
ences in the response can be explained using the regression
equation. The associated P-value is used to predict, whether

Table 5
ANOVA for response surface quadratic model

Response NH,-N removal
F 12.42

p 0.0002

R? 09179

Adequate precision 10.455

Standard deviation 3.81

Coefficient of variance 4.53

the AP value is large enough to show statistical significance.
The model is statistically significant if the P-value is lower
than 0.05. The low standard deviation (3.81) also demon-
strates that the quadratic model is seemingly the best. The
coefficient of variance (CV) is the ratio of the standard error
of estimated to the mean value of the observed response
which defines reproducibility of the model. The model is
considered as reproducible if the CV value is not greater
than 10% [44].

Based on results in Table 5, the regression, linear, inter-
action and quadratic terms are significant and the model
is considered being adequate in terms of reproducibility
with CV = 4.53. The graph plot of predicted versus exper-
imental NH-N removal efficiency of scheduled waste
leachate (SWL) is close to y = x, indicating the prediction of
experimental data is rather satisfying (Fig. 2). According
to regression equation, the optimal conditions for NH,-N
removal were obtained as follows: coagulant dosage =9.8
g L7, initial pH = 11 and air flow rate = 2.25 L min™". With
NH3—N removal as the response, the response surfaces of
the quadratic model are shown in Figs. 2—4. The surface
graphs demonstrate that the optimal condition exactly
located inside the design boundary. The curves with
noticeable bend indicate that there are significant interac-
tions between the NH,-N removal efficiency and the pro-
cess variables.

As shown in Fig. 3, lime dosage and initial pH have
strong effects on NH,~N removal efficiency. The optimum
domain identified was Ca(OH),dosage of 5 to 10 g L™ and
at an initial pH of 11-11.5. As the pH increases, the frac-
tion of gaseous NH, is also increased and more NH, will
be released to the air, thus reducing the concentration of
NH,-N in the leachate. Ca(OH), was chosen as chemical
to enhance the volatilization of gaseous ammonia in this
study based on previous preliminary study as it was more
effective compared to caustic soda (NaOH) [29,30]. Previ-
ous researches also demonstrated the usage of Ca(OH),
as an added alkali aids in removal of suspended solids,
ammonia—-nitrogen (NH,-N), colour, heavy metals and

Predicted vs. Actual

530 —|
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872 — -
-
-
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B2 ES 5 S 8T 553
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Fig. 2. Predicted vs. actual data for SWL NH,-N removal
efficiency.
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Fig. 3. Design-expert plot; response surface plot for NH -N
removal at different lime dosage and initial pH.
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Fig. 4. Design-expert plot; response surface plot for NH,-N
removal at different lime dosage an air flow rate.

other substances [23-26,29,30,45]. When the Ca(OH), is
added as precipitant into the leachate, the following reac-
tions occur [20]:

Ca(OH), + H,CO, = CaCO, + 2H,0 6)
OH- + NH; = NH, + H,0 7)

In this study, lime (Ca(OH),) reacts with carbonic acid
(H,CO,) in leachate, producing water (H,0) and form a
white insoluble precipitate of calcium carbonate (CaCO,),
at the end of a chemical reaction as described in Eq. (6).
Lime also reacts with sulphates in the wastewater pro-
ducing hard precipitates. Simultaneously, hydroxide ion
(OH") from Ca(OH), reacts with ammonium ion (NH;) in
the leachate to form ammonia (NH,) gas. Lime in excess
prevented the pH from dropping and to limit the concen-
tration of free ammonia in leachate. The recarbonation pro-
cess of the limed leachate by absorption of carbon dioxide
from the atmosphere or air bubbles leads to lower pH as
hydroxides were converted to carbonates until there was

Fig. 5. Design-expert plot; response surface plot for NH,-N
removal at different initial pH and air flow rate.

no excess dissolution of lime to compensate the loss of
hydroxide ions.

In the case of ammonia, an increase in hydroxide ion con-
centration through the addition of lime will aid in ammonia
removal. The process of ammonia removal is based on the
mass transfer as described in Eq. (7). In the aqueous phase
(liquid leachate), two principal forms of inorganic ammo-
nia existed, namely free ammonia (NH,) and ammonium
ion (NH}) [12]. As lime is an alkaline, the additions of lime
increase the pH of leachate. Hence, the reaction is shifted
to the right, forming the ammonia (NH,) gas. Generally, at
pH 10.5 to 12, most ammonium ions (NHj) are in the form
of NH, gas, thus resulting in a higher removal of ammonia
[20-22]. Hence, pH 11 to 11.5 was reasonably optimal and
effective range of maximum NH,-N removal efficiencies
which was up to 96.3%.

The response surface plots for NH,-N removal at dif-
ferent lime dosage and an air flow rate, and different initial
pH and air flow rate are shown in Figs. 4 and 5, respectively.
The plot show the optimum points to be at lime dosage
ranged from 5 to 10 g L, initial pH ranged from 11 to 11.5
and air flow rate 2 to 2.5 L min™’. It was observed that the
value of removal efficiencies is reduced when moving away
from these optimum points, meaning that either increase or
decrease in any of the tested variable results in the decline
of the responses. Besides, an increase in air flow rate may
enhance the NH -N removal performances for scheduled
waste landfill leachate, which agrees with previous findings
[23,36,37].

3.3. Experimental condition optimization

Based on the factorial experiment results, the second
order polynomial model was used in this study to confirm
the validity of the statistical experimental strategies at opti-
mum conditions for lime dosage, initial pH and air flow
rate determined from RSM previously. In addition, once the
models have been developed and checked for adequacy,
optimization criteria can be selected to find out the operat-
ing conditions. The results suggest that the optimal condi-
tions for maximum removal of NH ~N were at lime dosage
of 9.8 g L7, initial pH 11 and air flow rate of 2.25 L min™
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Table 6
The optimum parameters and NH,-N removal obtained by
RSM

Lime dosage pH Air flow RSM (%)
LY rate Actual Predicted
9.8 11 2.25 96.3 96.5

(Table 6). The maximum value for NH.-N removal via air
stripping was estimated as 96.5%. To validate the optimum
combination of the process variables, confirmatory exper-
iments were carried out. The selected combinations of the
three variables resulted in 96.3% NH,-N removal (influent
= 1347 mg L7, effluent = 49.5 mg L™). Ozturk et al. (2003)
found that 8 g L™ of Ca(OH), was sufficient to bring the
pH of young municipal landfill leachates to 12 and obtained
good ammonia removal efficiency of 85% after 17 h of aera-
tion treatment at a rate of 7.6 L min[45].

In another study by Cheung et al. (1997), it was observed
an air flow rate of 5 L min™ with 10 g L Ca(OH), removed
up to 90% of NH-N after 24 h of treatment [23]. However,
in this study, 96.4% of NH-N were successfully removed
from scheduled waste leachate at an initial pH of 11,9.8 g
L™ of Ca(OH), dosage and aeration treatment at a rate of
2.25 L min™ for 24 h. Similarly, Marttinen et al. reported
89% ammonia removal at pH 11 at 20°C after 24 h [11]. The
model prediction from the regression equation agreed well
with the data from validation experiments. This verified
that RSM approach was appropriate to optimize the oper-
ational conditions of the air stripping process in NH-N
removal efficiency of scheduled waste leachate.

Therefore, the optimum values of the process variables
were with lime dosage at 9.8 g L™, initial pH = 11 and air
flow rate of 2.25 L min™. The pH after the addition of Ca
(OH), at this optimum condition is 11.89, which is in the
range of favourable condition for ammonia removal (pH
10.5-12) as been discussed in previous study [20-22]. The
permissible limit standard of NH.-N is 20 mg L™ and pH
9 as stated in Environmental Quality (Industrial Effluent
or Mixed Effluent) Regulations 2009, Fifth Schedule (Stan-
dard B) [38]. However, the effluent after current treatment
process still did not meet the discharge requirements. Air
stripping method successfully reduced NH.-N by 96.3%
with the effluent and final pH of 49.5 mg L™ and 10.21,
respectively, after 24 h of treatment. Hence, further treat-
ment should be carried out. The NH ~N concentration in
the effluent after air stripping process was low and suitable
enough for biological treatment to take place effectively
until the permissible limit standards was achieved.

4. Conclusions

It was proven in this study that optimization of air strip-
ping process, including lime dosage (Ca(OH),), initial pH
adjustment and air flow rates can significantly enhance the
ammonia-nitrogen (NH,-N) removal. Data analysis result
by using response surface methodology (RSM) showed that
the most suitable treatment of NH.-N removal in this study
was at an initial pH of 11 with a lime dosage of 9.8 g L' and
air flow rate of 2.25 L min™', where up to 96.3% of NH-N

had been successfully removed after 24 h of treatment. The
results showed good agreement between experimental and
model predictions. The verification experiments prove that
RSM approach was appropriate for optimizing the air strip-
ping process for NH -N removal of scheduled waste land-
fill leachate in laboratory scale.
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